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Chronically sun-damaged human skin is character-
ized by dermal connective tissue damage that in-
cludes the massive accumulation of abnormal elastic 
fibers. The content of elastin, the major protein 
component of elastic fibers, is increased two- to 
sixfold in sun-damaged skin. The aim of this study 
was to determine the mechanism responsible for the 
increase in elastin levels after ultraviolet (UV) irradi-
ation. Confluent cultures of normal dermal fibro-
blasts were irradiated with 4.5 mJ/cm2 ofUVB; sham-
treated cells served as the control group. The 
accumulation of tropoelastin was determined at 5 d 
after treatment by measuring the incorporation of 
14C-proline into radiolabeled tropoelastin isolated 
from cell layers and media. UV irradiation increased 
radiolabeled tropoelastin accumulation approxi-
mately twofold without affecting DNA content, the 
total amount of radiolabeled protein, or tropoelastin 
secretion. Moreover, the steady-state levels of tro-
poelastin mRNA, as determined by slot blot hybrid-
C lu:onically sun-dam aged human skill is characterized by dermal connective tissue changes that lead to the wrinkled, aged appearance of sun-exposed skill . Histopathologic studies of sun-damaged skin have revealed reduced amounts of collagen, increased 
quantities of glycosan1inoglycans, and the m assive accumulation of 
abnormal elastic fib ers (elastotic material) in the upper and mid-
dermis, which appears to replace collagen fibrils [1,2]. The reduc-
tion in collagen content may be due to decreased collagen synthesis 
or to increased collagen degrada tion [3 ,4]. Furthermore, the loss of 
collagen appears more extensive because elasto tic m ateria.! masks 
the presence of collagen fibers [4] . In contrast, the content of 
elastin , the major protein of elastic fib ers, within actinically dam-
aged skin is increased two- to si,.fold . There is no change in the 
amino acid composition or inunw10logic reac tivity [5-9] of the 
elastin in sun-damaged skin that w ould explain w hy elastic fibers 
become thickened and tangled . 
T he accumulation of elastin is therefo re increased in photoaged 
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izations, were unaffected by UV treatment. However, 
the translation of tropoelastin mRNA was increased 
when total RNA from irradiated cells was used in 
cell-free translation experiments. These results sug-
gest that altered translational efficiency may account 
for the increase in tropoelastin accumulation after 
UV irradiation. In support of this hypothesis, nucle-
otide sequences were derived from tropoelastin 
mRNA isolated from UV -irradiated and nonirradi-
ated dermal fibroblasts. Almost a 12% substitution 
rate was observed in nucleotide sequences derived 
from the 3' untranslated region of tropoelastin 
mRNA from the UV -treated cells. In contrast, a 
coding domain of tropoelastin did not contain base-
substitution mutations. These multiple base substitu-
tions in a noncoding domain of tropoelastin mRNA 
may be responsible for the post-transcriptional in-
crease in tropoelastin accumulation after UV irradi-
ation. Key words: elastin/plrotoaginglm~ttatiou. J lttvest 
Dermatol 105:65-69, 1995 
skin. It is not known whether ultraviolet (UV) radia tion functions 
directly or indirectly to alter elastin production. Chronically sun-
dam aged hun1an skin is characterized by the presence of an inflam-
m atory infiltrate. This infiltrate contain s various cytokines and 
proteases that may also a1fect the dermal connective tissue. 
The most commonly used anima.! models for studying the effect 
of UV irradiation is the hairless albino mouse [10]. UV irradiation 
in hairless mice can induce denna.l connective ti ssue alterations that 
resemble the changes found in human sun-damaged skin [1 1- 14], 
including the increase in thickened elastic fibers. H owever, tlus 
model has linuted usefuln ess in th e study of derma.! el astin synthesis 
because of the minor content of elas tin [14] in mouse skin (0 .1% of 
dry w eight). In contrast, 2% of the dry w eight of human skin is 
elastin [5]. 
Cultured human skill fibroblasts display a stable elastin pheno-
type and have been used to study the regu.lation of elas tin syn thesis 
[15-17] in various skin disorders [1 8- 21] . For example, elevated 
tropoelastin production in cells from patients ,v:ith progeria and 
Buschke-Ollendorff sY11drome was accompanied by increased 
steady- state levels of tropoelastin mR.NA [1 8,19]. R educed tro-
poelastin synthesis and decreased steady- state levels of tropoelastin 
mRN A w ere observed in cells from patients w ith cutis laxa [20,21 ]. 
C onsequently, we used an in 11itro model of irradiated human skin 
fibroblas ts to study the direct e ffect of UV radiation on tropoelas tin 
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accumul ation. T he results presented in this man u script suggest th at 
LJV radiation .increases tropoelastin production by a post-transcrip-
tional m ech anism. 
MATElUALS AND METH ODS 
Cell Culture Human skin fibrob lasts were obtained from five normal 
i.rldividuals (20-50 years of age) and cul tured in Dulbecco's modified 
:Bagle's medium containing 10'Yc, feta l bovine serum (Gibco Laboratories, 
G rand Island, NY), 1 X antibiotic-antimycotic (penicill.in-strcptomycin-
£Ungizone; 100 X , Gibco), and 1 X nonessential amino acids (100 X , 
G ibco). Cells were passaged with a 1:3 spli t and fed tw ice weekly. T hese 
cell strains we re used for all the experiments described in thi s report. 
VV Irradiation Confluent cultures (early passages 4- 8) were irradiated 
i.J1 1 OO-mm 2 dishes using Westinghouse FS20 sunlamps (4 .5 mj/cm2 of 
LJV13). Cell layers were treated after removal of the media and gentle rinsing 
vv ith Hank's balanced sa lt so lu tion. The di sh lids were removed during the 
irradiation procedure. Immediately after irradiation, the cultu res were 
i.J1cubated with fi·es h media. Sham-treated fibroblasts from the same strain 
served as the contro l group. 
Quantification ofRadiolabeled Tropoclastin At 4 d after treatment, 
cl1e culru.res were incubated with fresh media conta ining 5 !J.Ci 14 C-proline 
per dish . After 24 h, the media were decanted, proteolytic inhibitors were 
:;~ deled, and the media were sto red froze n. Proteo lytic inhibitors were added 
co all solutions to a fina l concentration as follows: phenylmethylsul fony l 
£1 uoride, 2 mM; N-ethyl maleimide, 1 mM ; aprotinin , l !Lg/ ml; pepstatin , 
1 !J.glml; and leupeptin , 1 !J.glml. The cell layers were rinsed with phosphate-
b uffered saline containing proteolytic inhibitors and extracted overnight at 
0 - 4°C with phosphate-buffered saline containing 0.05% Tween-20 and pro-
ceolytic inhibitors . T he suspension was centrifuged , and the residue was 
extracted ovcrrught with a solu tion containing l% sodium dodecylsulf.1te, 
0.05 M Tris-HCI (pH 7.4), 0.33 M mercaptoethanol, and proteolytic 
inlubitors. T he media and exrmcts were dial yzed before analysis. Aliquots of 
c he Tween-20 extracts were used for DNA determination by fluorim etric 
,.,,lysis using l-l oecbst 33258 [22]. T he accumulation of radiolabclcd 
cropoelasti n was deternuned by quantifying the amoun t of radiolabel either 
bound to an affin.ity co lumn (Aminolink; Pierce C hemica l Co., Rockford , 
fL) prepared with lgG directed against human alpha elastin (Elastin Products 
Co., Owensville, MO) or incorporated into immunoprecipi table tropoclas-
c:i n [23]. · 
):solation and Analyses of RNA Confluen t cu ltures of normal fibro-
b lasts (three of the five were used) were irradiated as described previously. 
Afte r 5 d , the media were removed and the tota l RNA was extracted using 
RNA STAT 60 (Tel-test 13, Inc., Friendswood, TX) accord ing to the 
CJ1an uf.,cturer's instructions. T his method is a single- step procedure of RNA 
jsolation by acid guanidin.ium-phenol-chloroforn1 extraction. RNA yields 
-were dete rmined spectrophotometri call y. Tota l RNA (5 !Lg) from inadiated 
:and nonirradiated cell s was subjected to Northern and slot blot analyses 
[24,25] . T he fi lters were hybridized with either a J2 1'-labeled human 
t:ropoelastin eD N A (pTE 1836 [26]) or a human beta-actin eDNA (Cion tech 
Laboratories Inc, Pa lo Alto, CA). RNA from rat aortic cell s was used as a 
positive control in the Northern blot analysis of tropoelastin mRNA. The 
:a utoradiographs were eva luated by de nsitometric scann.ing. 
Cell-F ree Translation Total RNA from UV- irradiated and nonirradi-
ated cell s was translated using a nuclease-treated rabbi t reticulocyte lysate 
(Promega Corp., Madison, WI) and JH-leucine [24,25]. A typical reaction 
contained 10 p.g of total RNA. 50 !LCi L-3 H-leucine (New England 
Nuclear; 177 C i/mmol). 40 U RNas in, 20 !J.M am ino acids minus leucine, 
a nd 70% (v/v) lysate in a tota l vo lume of 50 !J.l. Incubations were done at 
26°C for 60 min . Radiolabeled tropoelasti n was immunoprecipi tated [25] 
-with human alpha elastin antibody (Elastin Products Co.) and quantified. 
I tnmunoblot Analysis Aliquots of the tota l tra nslation products were 
el ectrophoresed on 4% to 20% sodium dodecy lsul fatc-po lyacrylamide gels 
(EP Minigel; Schleicher and Schuell , Keene. NI-l). T he proteins were 
t ransferred to nitrocell ulose using a se rnidry electroblotter (Integrated 
Separation Systems, Natick, MA). The nitrocellulose was blocked , washed, 
and incubated with puri fied IgG directed aga ins t human alpha elastin 
essentiall y as described by Wrenn c/ nl 125). T he nitroce llulose was then 
treated w ith ' " !-Prote in A, washed, dri ed , and exposed to fi lm at - 80°C 
with in tensifYing screens. 
Reverse Transcription and Amplification Reverse transcription and 
polymerase chain reaction (PCR) conditions were as desCJibed by Perkin-
Elmer. us iog 400 ng of total RNA per 20 !J.l reve rse transcrip tion mix. Tota l 
RNA fro m two of the five UV-tTea tcd and nonirradiated fibroblast strains 
was used . Amplification of a 660 -base-pair portion of 3' untranslated 
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F ignre 1. Increased accumulation of radiolabelcd tropoelastin 
after UV treatment of cultured skin fibroblasts. C ul tures of dermal 
fibrob lasts were UV treated or nonirradiated and were incubated with 
1
'
1C-proline for 24 h. Radiolabeled tropoelastin was isolated from the med.ia 
and ce ll extracts and quantified. Data are expressed as percentages of total 
radiolabe led prote in. T he bars represent the mean (n = 5 experiments with 
cell s derived fro m five di fferent donors) , and the brackets are SEM. 
region (3 ' UTR) of human tropoclastin mR NA was done using a pair of 
oligomers complementary to sequences witlun this noncoding region. The 
sequence ofthe 24-mer upstream primer was: 5' - CCCTGACTCACGAC-
CTCATCAACG-3' . T he downstream 24-mcr sequence was: 5' -AACT-
GGGACATGGATGGACGGACC-3' . Incubations were in itially denatured 
for 1 min at 94 °C and then incubated for 63°C for 1 min and 72°C for 2 min. 
T hese denaturation and e longation incubations were repeated for 40 cycles. 
PC R. amplimers were size separated on 2% MetaPhor (FMC Bioproducts, 
Rock land, ME) agarose ge ls, and DNA fragments were visua.lized by 
ethidium bromide staining. DNA sequence analyses of PC R amplimers 
were ca rried o ut by Sequetech Corp. (Mountain View, CA). A region of the 
coding domain oftropoelastin mRNA, complementary to sequences present 
in exoiiS 29 -36 of the tropoe lastin gene, was amplified using previously 
described upstream and downstream oligomers and i.ncuba tion conditions 
(26]. 
RESULTS 
Increased Accumulation of Tropoelastin in UV-Treated 
Fibroblasts In one typical experime n t with fibrob lasts d e rive d 
fro m a sing le donor, the recovery of cell-associated radiolabe led 
tropoelastin (cpm; m ean ± SD of five d eterminations) was 2513 ± 
210 and 1318 ± 75 for UV-treated and control cells, resp ectively. 
This in crease was s ignificant (p < 0.001, Stude nt t test, two-tailed). 
T h e a m oun t of radiolabeled tropoelastin (cpm) in the m e dia (three 
determinations) was 6310 ± 666 for UV-treated cells and 3192 ± 
422 for contro l cell s. T his inc rease was a lso significan t (p < 0.005, 
Stude nt t test, two-tailed) . T ropoelastin accumula tio n (expressed as 
a p ercentage of total radio labeled protein and ca lculated from th e 
mean of dup licate d e terminations for each experiment) was com-
pared in UV-i1Tadiate d and nonirra d iated (control) skin fibrobla st 
cul tures derive d fi·o rn five distinct d o n ors in five separate experi-
m e n ts (Fig 1). The results demonstrated that the amount of 
radiolabeled tropoelasti n in UV-irradiated cells was almost twice 
th at in nonirradiated ceUs. Data expressed as fold increase from 
con tro l (mean ± SEM, n = 5 experim e nts) were 1 . 7 ± 0.2 and 
l. 6 ± 0.1 for cell and m edia frac tions, respectively. ln con trast, 
DNA con ten t and accumulation of total radiolabeled protein were 
unaffected b y the UV treatment. Values from five sep arate exper-
ime nts w ith ftbroblasts d e rive d fro m different donors, expressed as 
fo ld increase (mean ± SEM) over control, were as fo ll ows: DNA 
VOL. 105, NO. I JULY 1995 
a b 
.. 
1 2 1 2 
.__ 3.5 kb 
Figure 2. Autoradiographs of slot blot analyses. Tropoelastin (n) and 
actin (IJ) mRNA levels in nonirradiated (ln11e 1) and irradiated (ln11e 2) 
fibroblasts. Total ~A iit amounts of 4, 2, l, 0.5, and 0.25 f.J.g were added 
to each slot in descending order. The autoradiograph of Northern hybrid-
ization is also shown (c). Total RNA was obtained from rat aorta (ln11c 1), 
UV-treated human skin fibroblasts (ln11 e 2), and nonirradiated human skin 
fibroblasts (ln11e 3). 
content, 0 . 96 :±: 0.03; total protein accumulation, 1.11 :±: 0.08. ln 
addition, approximately 75% of the radiolabeled tropoelasti.n was 
found in the media of UV-irradiated and control cell s. 
Steady-State Tropoelastin mRNA Levels are Unchanged by 
UV Radiation Tropoelastin mRN A levels were analyzed in 
irradiated and nonirradiated cu ltures of skin fibroblasts by Northern 
blot and slot blot hybridizations using a human tropoelastin eDNA 
probe (Fig 2). The levels of tropoelastin mRNA in irradiated cells 
appeared equivalent to those in non..inadiated cells. A 3.5-Jcilobase-
pair mRNA was present in total RNA from both fibroblast 
preparations. These species of mRNA co-migrated with tropoelas-
tin mRNA detected in neonatal rat aorta (Fig 2c). The autoradio-
graphs obtained from slot blot hybridizations were quantified by 
densitometric scanning, and the results for tropoelastiJ1 mRNA 
levels were normalized to the actin mRNA values (Table I). 
Figure 3 shows the ratio of tropoelastin mRNA levels in UV-
Table I. Tropoelastin and Actin mRNA Steady-State 
Levels in Control and UV-Treated Skin Fibroblasts" 
Hybridization Signa l'' 
Tropoelastin (TE) 
Actin (A) 
Ratio TElA 
Control 
0.419 ± 0.08 
1.124 ± 0.16 
0.373 
UV-Treated 
0.318 ± 0.06 
0 .902 ± 0.14 
0.353 
" RNA was prepared from UV -treated and nonirradiatcd skin fibroblasts. ~md 
dilutions were appl ied to nylon filters. The fi lters were hybridized to radiolabcled 
eDNA probes for tropoclastin or actin (Fig 3). The ;mtoradiographs were analyzed by 
densitometric scanning. 
b Arbitrary scan units per j.t.g RNA; m ean :±: SO. n = 5. 
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Figure 3. Steady-state tropoelastin mRNA levels a.re unaffected by 
UV irradiation. Total RNA was isolated from UV-trcated and nonirradi-
ated cultures from three fibroblast strains. slot blotted, and probed with 
elastin and actin cDNAs. Steady-state levels of tropoclastin mR.NA were 
calculated from densitometric determinations after standardization to actin 
levels. Data are expressed as ratio of steady-state levels of tropoelastin 
mRNA in UV-treated cells to the steady-state levels oftropoclastin mRNA 
in nonirradiated fibrob lasts. The bars represent the mean of three to five 
detemunations in each fibroblast strain, and brackets represent SEM. 
treated cells to that in control cells for three separate experiments 
with fibroblasts det;ved from three different donors. The results 
demonstrated that the steady- state levels oftropoelastin mRNA did 
not increase with UV treatment, although tropoelastin accumula-
tion was increased. 
UV Radiation Increases Tropoelastin Translation Equal 
amounts of the total RNA from irradiated and non irradiated cells 
were used to direct the synthesis of proteins in a cell - free translation 
system with 3 H-Ieucine. There was no difference in the total 
translated protein products between the irradiated and nonirradi-
ated RNA samples (Fig 4a). Immunoblot analysis revealed in-
creased amounts of tropoelastin in the UV -irradiated sample (Fig 
4b). The radiolabeled tropoelastin was immunoprecipitated from 
the total translated protein products, and the amount of radioac-
tivity was detennined. The immunoprecipitated radioactivity (cpm; 
mean ± SEM, four experiments) from UV-irradiated fibroblasts 
was 13,723 :±: 857 and from non.irradiated fibroblasts was 8428 :±: 
950. This increase in translated radiolabeled n·opoelasti11 derived 
from total RNA obtained from UV-irradiated fibroblasts was 
significant (p < 0.02, Student t test, two-tailed). 
Sequence Analysis of Tropoclastiu mRNA Sequence analy-
sis of eDNA fi:agments derived from two different UV-irradiated 
cell strains revealed multiple base substitutions only in the 3' 
untranslated domain oftropoelastin mRNA (Table II). The G-C to 
A-T transition was the most common substitution, and changes at 
G-C base pairs made up 68% and 75% of all base substitutions. In 
. d' . f contrast, mutations were not detected m the co mg regwn o 
tropoelastin mRNA. 
DISCUSSlON 
The accumulation of tropoelastin in cultured skin fibroblasts was 
increased almost twofold by UV treatment. Tlus enhancement was 
not due to increased cell number; nor was it a consequence of a 
nonspecific effect on protein synthesis, as DNA content and the 
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Figure 4. Translation of tropoclastin mRNA is increased by UV 
irradiation. Equivalent amounts of total RNA from nonirradiated fibro-
blasts (ln11e 1) and UV -irradiated fibroblasts (ln11e 2) were translated in a 
rabbit reticulocyte cell-free translation system. a) The pattern of total 
cell-free translation products; b) immunoblot analysis using antibodies 
directed against human elastin. The nn·orv indicates the position of a 68 ,000 
molecular weight standard. 
amounts of total protein were unchanged by UV treatment. 
Furthermore, the ratio of tropoelastin found in the medium to that 
associated with the cell layer was constant, suggesting that the 
secretion and processing of tropoelastin were unaffected by UV 
irradiation. The majority of tropoelastin was present in the media of 
skin fibroblasts. Cultured dern1al fibroblasts do not form insoluble 
elastic fibers, although nonamorphous elastin is fow1d to be asso-
ciated extracellularly with mi.crofibrils [27] . 
Northern and slot blot analyses of tropoelastin mRNA revealed 
that the increased tropoelastin accumulation in UV-treated fibro-
blasts was not accompanied by a concomitant change in the 
steady-state levels of tropoelastin mRNA. These results suggest 
that a post-transcriptional mechanism is involved in the effect of 
UV radiation. 
It has been shown previously that treatment of cultured bovine 
chondrocytes with either phorbol ester [28] or vitamin D 3 [29] 
modulates steady-state levels of tropoelastin mRNA by a post-
transcriptional mechanism involving the rates of decay of tropoelas-
Table II. Nucleotide Substitutions in the 3' UTR 
Domain of Human Tropoelastin mRNA Derived From 
Two Preparations of UV-Treated Fibroblasts" 
Number of Mutations 
Base Change uv (1)" uv (2)' 
G-C:A-T 10 11 
G-C:T-A 5 8 
G-C:C-G 2 2 
A-T:G-C 0 1 
A-T:C-G 3 1 
A-T:T-A 5 5 
Tota.l 25 28 
"PCR.. products and DNA sequence analyses ofPCR amplimers were carried out as 
described in Materials ami Method.<. (1) and (2) refer to RNA isolated from separate 
fibrobla st preparations. 
b The number of mutations was determined from 210 base pairs of sequence. 
t The number of mutations was determined from 240 base pairs of sequence. 
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tin mRNA. However, it is unlikely that UV treatment affects 
tropoelastin mRNA turnover because the steady-state levels of 
tropoelastin mRNA remained constant. Instead, the results from 
cell-free translation experin1ents suggest that a post-transcriptional 
mechanism(s) regulating the translational efficiency of available 
tropoelastin mRNA may have been affected by UV treatment. The 
concomitant appearance of UV - induced mutations specifically 
within the 3 ' UTR suggests that cis-acting elements within this 
domain of tropoelastin mRNA that control, at least in part, the 
nonnal efficiency of translation may have been rendered dysfunc-
tional after UV damage. The increase in tropoelastin accumulation 
after UV treatment may therefore be the result of a loss of 3' 
UTR-mediated translational control due to the presence of these 
cis-acting mutations in the 3' UTR. 
Regulation of gene expression at the level of translation is an 
important mechanism that controls protein synthesis [30]. Specific 
sequences in the 5' and 3' untranslated regions are known to 
control translation [31-33]. Stable secondary structures (stem 
loops) in the 5' UTR can interfere with the initiation of translation 
[34]. In addition, cytoplasmic polyadenylation is regulated by t'.vo 
sequence elements, AAUAAA and a poly (U) tract, in the 3 ' UTR 
[35]. Mutations in either sequence can prevent poly (A) addition 
and can also cause deadenylation. The addition of poly (A) results 
in translational activation, whereas removal of the poly (A) tai l is 
associated with mRNA decay. Furthermore, RNA-binding pro-
teins interact with specific sequences in the 3' UTR and thereby 
regulate mRNA stability and translational efficiency [36] . There-
fore, it is possible for UV -induced base substitutions in the 3' UTR 
of tropoelastin mRNA to affect translational efficiency. 
The sequence specificity of UVB-induced mutations is for G-C 
base pairs, with a preference for the G- C to A-T transition [37) . 
The pattern of base changes in the 3' UTR from UV -irradiated cells 
is consistent with UVB-induced DNA mutations. It has been 
suggested that these multiple mutations are the result of gap filling 
by an error-prone DNA polymerase activity during repair [3R]. 
There was a differential distribution of the base substitutions in the 
tropoelastin eDNA from UV-treated cells, as they were detected 
only in the 3' UTR and not in the coding sequence. One 
explanation for tlus result is that the coding region may have been 
protected from the UV radiation . Another possibility is that the 
DNA damage in the coding region may have been repaired using a 
different mechanism than was used for the noncoding region . It is 
known that DNA repair is coupled to transcription, in that the 
transcribed strand is preferentially repaired [39,40]. Therefore, 
repair processes that distinguish between translated and untrans-
lated regions may also exist. 
Evidence for the post-transcriptional regulation of tropoelastin 
production through translational control has not been presented 
previously. T lus mechanism may be w1ique to UV irradiation or it 
may function in other disorders of abnonnal elastic fiber accumu-
lation . 
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